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   THERMAL Ai~ALYSIS OF THE CATALYTIC ACTION OF 
                 COLLOIDS. (1)* 
            Catalytic .Decomposition. of HydrogenPeroxide by 
                     Colloidal Platinum. 
                           sy EtJI SUITO.
    ]3redig and his collaborators'/ first made comprehensive r searches on the 
catalytic action by various colloidal solutions. They called the action of hydrosol 
of metal or metal oxide and hydroxide " Anorganische Ferments " because of 
the similarity of the .action to that of enzyme. Since then, numerous investiga-
tions bout been made and most of them done concerning the catalytic decom-
position of hydrogen peroxide by colloidal platinum-> In aIl of these studies 
chemical analysis such as titration of t}te solution or the measurement of the 
evolved oxygen has been adopted for the deterntiitation f the reaction velocity. 
The .present author investig.ded the said reaction by the thereto-analytical 
method'/, which originated with Yrof. S. Horiba and was successfully applicable 
for continued measurements of the reaction velocity, especially for the initial part 
of the reaction, in order to elucidate the mecltartism of the decomposition a d 
colloidal catalysis. 
                           Experimental. 
    Materials. 
    The platinum aol was prepared by Bredi;;'s electric dispersion method, using a duect 
current {qo volts, 6ampere) cooled in an ice-bath. After about boar it became so dark 
brown that no electric spark was seen. The concentration then determined by precipitating 
with a little electrolyte was 60~8o mg. of platinum per litre. After standing Cor scveml days 
to permit the lar,er platinum panicles tosettle, the rol was carefully siphoned olfand diluted 
     *' This is the English rmnslarinn of the paper which apl.earcd in Rev, Phw. Chrm. Ja/.nn, 10, 
      z5r (r936)• 
     a) G. iiredig and co-.corkers, Z. phytfk. Ckrnt., 31, z59 (r899); 37, +. 3a3 Gmr); 66, r6z (r9o9); 
      70. 34 (r9o9): 81, 385 (r9rz): Rer., 37, 798 (r8oq) rtr. 
     z) T. 5. Prim and A. D. Donning, 7,.fkyrik. Cfrm., 16,89 (igo;); D. A. 1(c(nnes, J. Bm. Chem. 
       Sot., 36, 878 (r9rq); J• Groh, 1, pkv>ik. Chem., 88, 4rq (r9r4); T. Iredale, J C/tem.Sac,119, 
       ro9 (rgv ), I21,.r536 (t9zz); II. V. Tartar and N. K. Schallar, J. Bra. Ckem. Sx., 3Q,zboq 
       QgzB): n1. A. Heath and J. P[. Waltnn, J. Pkyt. Ckrvt., 37, 979 (r933) rlt. 
    3) 5, Hnriha nd T. Iehikawa, Rev. Pkyt. Cheer. tepee, 1, tq5 (t9z7);T. Ichiknwa, G fhyrik. 
       Ckem., (Ti) 10, 2990930); S. (Ioriha, Rev. Phyt. C/tent. Jnpttt, I1, r89 (r937): T. KJsaki,/iiJ., 
       12, 21 0938); II. ]tatsuyama, ibid., 12, [68 (x938) ert.
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4 times. 't'his stock solution was so. stable ~+•ithout any addilimt of -a protective colloid or 
peptizer that coo precipitate was noticed after several months; and it never coagulated after 
the decomposition of hydrogen peroxide. 
    7/ic 7ydrogen yeraxide so&tlion was n diluted 1\lerk's `Perhydrol '. 
    All the water used was a conductivity water prepared thus: hvice distilled water was 
reiistilled by means of a Pyres condenser and then the air without CQ was passed- for several 
days. All the vessels used were made of `1'eles' glass'[ and were steamed out. 
    Apparatus and Procedure. 
    In the thermal analysis in the liquid system, the measurement of the temperature change. 
of the reaction spstenr teas made by means of a glass calorimeter as shown in Fig. t. ]n the 
                e Bgurc, A is a glass Dewar vessel holding about too cc.~~ r a n l o(a solution. B a glass vessel which holds about 6o c.c., 
                             C a normal Brd:mann's thermometer, D a glass stirzer 
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culation Method of Thermal Analysis. 
hermal anal}'sis can be expmssed by the following equation 
 O dx 
 t4' da 
ore change i  the reaction system, - dt is the cooling velocity 
iHerence between a reaction system and its surroundings, i.e. the 
hu:u q antity produced by thereaction per s it time (Qand ~ 
ana(actured by Tot:}'o Electric l'a. Ltd. is similar to ' F ,rrer in quality.
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are the reaction heat and the reaction velocity respectively), and If' the water equivalent of 
the reaction s}•stem.-
    CoolingConstant andWatcr Equivalent. 
    In the calculation of the reaction velocity anct reaction heat according to equation {r), it 
is necessary to know - ~~ and W which are particular to the rrction system, ic. the 
apparatus. In this case the cooling follows Nex•ton's law, that is, it is proportional to the 
temperature Difference, dT, between the reaction system and the thermostat. This was 
empirically justified with some rnrrection, B or r, caused by stirring heat or others.et There-
fore, 
                   d6 ... . 
Thus, by the measurement of natural cooling velocity o/ the reaction system the cooling mn-
starrt K anti tbecorrection term B or r can be obtained. 
    Let r represent the resistance of the platinum wire of the heater and i the intensity 
of the electric urrent ransmitted through it, then the heat gaantity per minute q' liberated 
by the current is r4 860 (cal.). Putting q' for Q• ~ in equation (r), wehave 
Accordingly, the water equivalent FV is obtained from the measurement of the rate of the 
temperature rise. of the reaction system by electric heating.°~ 1'he resistance of the heater y 
w•as measured preliminarily by a potentiometric method under the same condition as in the 
calculation of Che water:equivalent and wag found to be o.M1g3 ohm. "Phe values of If and 
fV obtained are given in Table I. 
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                 Mean values: r=ooxS, 0=o.owz, A=o.ot39, iV=xxG.6 
5) ~=A'; B u the rare of tempemturc ise by stirring; r is the temperature difference b tween 
  the reaction system and the thermostat thermal egoilibriam, being due to stirring heal. 
G) The platinum wire of the heater is dipped in the solalien in this case and not in case of the 
   reaction. Consequently, the water equivalent for the reaction must be eaactly IV-0.0x4, because 
  the weight of the patinum wire is oqG gm. and the specific heat _h o.o;[z. This cornctiox5 
  howeveq is negligible av compared with ~hevalue of ff! 
7) As to the value of A; (n) was obtained from graphical method and (b) from calculation. Srq 
   S. Iioriba and K. Sato, Rte. Ph~•r. Ckrm. Jajvtn, 6, z5 (x93z} ,
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   Reaction Velocity. 
    Substituting equation (z') in the fundamental formula (t), ~6e have 
              tit +If(dT-r)= Q ~i ....................................... (4) 
As dT is the inclination of the reaction curve (dT t curve), the value of ~ dx  tit FV . tit 
can be easily obtained from equation (4)• In this case W is known and Q can he obtained 
as hoivn below; hencethe r action velocity tit at acer4lin time can be calculated. ;;v n 
if N~ and O are unknown; both areconstants and so the plot f~ • tit for atime t 
makes thereaction velocity curve. 
    If the reaction is of the Hrst order, 
          dx =kr(a-x)=k,a x e ( )                            ti
t -hr ......................................... j 
where d•, is the velocity constant and a is the initial concentration. Putting (5) in equation 
(4) and. taking logarithms, vve have 
              dT Q ~lx _ Qk,a _ 1.•,t         l~~ tit +K(dT-r)~=log ~' ~tC-IOg W 2.303....... (6) 
Accordingly, plotting he value of l!!!og ~ tit (or atime t, a straight l ne will I>c obtained 
and the slope of this line will give k,. 
    Reactioa heat. 
    From equations (r) and (z), the following equation is obtained 
                    dT +KdT -B= O dx ........................................... (4r) 
        tit W tit 
Integrating this equation from 1=o to t=t, a certain time after the rompletion of the reaction, 
we have 
       Q= !a lJ dT+Kf dT•dt-Bt} 
.................................... (7) 
Hence, if the value of S= frdT• dl is calculated by th  graphical integration of the dT t 
v 
 curve, the reaction heat Q can be ob~lined. 
     Irr the case of the first orderreaction, the intersection of log Q dx-~-t line with the 
               Qk, a lV tit ordinate represents]og 
iv as seen 6~om eynation (6). Accordingly, From the initial con-
centration ¢, the velocity constant k„ and the water eyuivalent ITV, .the reaction heat. Q can 
>x calculated. 
             Experimental Results and their Consideration. 
    One of the results obtained is given in Table II. The curve obtained by 
plotting dT(=T-T~) for t is shown as (a) in Figs, g, q., 6, ~ and 8.
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  Five series of the experiments were carried out as follows (sf. Table IV) 
      I and IL The concentration. of hydrogen peroxide was kept constant, add 
  that of platinum sol was varied. The activity of platinum of varied during the 
  stock as proved in Series. III. Series II were carried out on the sol, whose 
  activity beca~i~e extremely high in half a ~ilonth's tock :after series I. 
     .III. The change of activity of the colloid caused with aging ryas examined. 
     1V and V. The concentration of hydrogen peroxide ryas changed. -The time 
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(Note) (i) The stock solution of P[-sot No. z. prepared on Nov. iz, r935 was used 
   I,.II, III & V, and No.;-prepared oo I+eb.;, rg;6 (or Series IV. 
(z) The concentrations of I~.O_ aad PI-sot indicate those al the reaction, 





peroxide by metalic colloids is etther 
of the fiat order or nearly of the first 
order with some deviation. Lven in the 
present experiments, if ki is calculated by 
an ordinary method (k,= t In ~ > 
                        t a-x 
neglecting the initial stage, it does not 
become constant and the reaction does 
not exactly appear to be of the first 
order over the whole region. By the 
ordinary titration method the initial 
stage twill never be noticed, because this. 
stage is too short for the time interval 
of measurements. But it is interesting 
to mention that by the thermo-analy-
tical method the initial stage was found, 
which twill 6e discussed later. 
           (2} The Effect of Concen 
    From the experimental results of Set 
the duration of time of the initial stag) 
decreased as the concentration of the 
constant k, is nearly proportional to th 
as seen in Fig. 5 s~ 
    $) The deviation f [hc plots of N~spls. I and z 
       by taking into aceooot the increase in Uu
       uu[ first and Exp[. I last in this seriee.
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of the reaction was shortened and both series were completed within a few days 
to lessen the change of the activity. Series V were examined with the object 
of considering the initial part of the reaction. 
                       (1} Reaction Type.
    The reaction always proceeds as shownschematically in. Fig. ? : it proceeds 
in the two stages-the initial stage (ab) and the later stage (cde). The later 
stage, which is the. main part of the reaction, is exactly of the first order (for the 
line c' d' e' is straight), and before this stage a special stage appears. 
   It has been admitted that the ta) 
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where k and ty ~its'~ ftir c and-
c', the concentra[ions of the sol. For the valuesof ~i; 
Bredig and his co-tdorken°' have obtained t.3-ri.6; 
t.t~i.q gild ~ in the decompositioiis of hydrogeii 
peroxide by Yt-soL Au-sol and Tr-sol respectively. In 
the prescnt experiment, iY tuffs as high as z,
y) Gx. til.
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        [3) The-.Change in the Activity'oE"the Colloid'. with-Time. 
   In the comparison between the experimental results Series I and II obtained 
with 5 c.c. and io c c. of the sol; it tuns formt3 that the reaction velocity ivas 
larger in Series II than in Series I. To make clear tliis change iu the activity. 
the clperimental results Ivitli some addition are shown in Fib- ~ as Series III.. 
It was found that the activity of colloid increased with aging, reached the 
   ors ca, maximum and. dten diminished. 
                                   And it is to be noted thatthe. 
o duration ofthe initial-stage' a tends 
         e~' 
, ~~ a ~~~  to become short with the time. 
                                        1t is interesting'tbat in colloidal 
                    _o - I~ ~- catalysis the activity does not gra;
` Y ici dually diminish as in the common                              ~`•r e~p ny,. 
                     . p p_,p_,p ,,,,,,,,,, case of heterogeneous catalysts but 
                  0-®~ ~ "' '" raffier increases to the maximum.~'~= -
T 3, ~ ~~• 
                rs. s 
has found in the dcwt 
dispersity is high, r,e. 
also .low. This rclatio 
as a general rule to c 
kith the sol which wa 
contain many other su 
as applicable to owe c 
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          This result G. Rocasoland01 has. 
`~ attributed to die effect of oxygen 
          contained in the_sol. $. Rusznyak"1 
f hydrogen peroxide by Ag-sol that )vhen the 
of the. colloidal particle is small, ;the activity is 
the particle size and activil}~ can. not be applied 
ly;is; becaose his experiments were carried out 
cheliiically by reducing method and seemed to 
ing as a poison ; but i( we regard 'his results 
y thfnh that the increase in activiri• with aging 
loid particles. However; it is probably inferred 
e to the change in the. surface nature of the 
on of this phenomenon will require further ea-
~een ttte size of the particle of a colloid and its 
 in the colloidal catalysis. The fact that the 
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      (4) The Effect.. of -0oneelitration of Hydrogen Peroxide Solution. 
    
'The experimental results (Series IV and V) obtained with. various concentra-
tionsof hydrogen peroxide areshownin I'IQS. y:and 3."' 
                                                     0.8 IR1 
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  It is that the initial reaction velocity 
nearly p p of hydrogen peroxide, :and that 
   Iz) 7n all the experiments, except F.xpt. I in Series IV and V, the temperature difference (d7) of 
       the reaction system is below o.5°C, and .within this temperature th effect of the velocity con-
       xtnnt r3ue to tempen+nve rim may be negliGible. Expt. I in Series N and V was carriedqut 
      with lemp:ranire difference over I°C, only to examine the initial port of reactibri. Deviationf
      kt in Exyl. 3 in Series IV is probably ascribed to some rror of the enncentratinn of the saL.
         IO p 
          ., 
~~~'~ ~' -
a 
                  - .~ 
                .. Z,:,yw "o j 1 
       Fig. 7. 
seen from the reaction velocity curve 
 ro ortiotia} to the initial concentration
(1939)
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eac(t reaction. ends .almost at the same. lime. Nest, that the. linear part of tl:e 
]oR Q `~"t ^rt curve runs in parallel shows. that the reaction velocityconstant 
   bV rit 
d, agrees well with one another. The duration of the initial stage u is; about t 
min. -in Series IV and z-3 min. in Series V. 
                {5) The Heat of Decomposition of H:Oe. 
   The reaction heat Q calculated according to equation. (y) is z3.9±o.g Cal. 
per t g.-mol, being in considerably good agreement as shown in the last column 
of Table IV. 
    Let as mmparc this result witb those of .other 'un'cstigators. 14Tatheson and. Nlass'a% 
obtained z3.4j Cal. as the decomposition f bydrogen peroxide solution with small, articles 
of \~InO. by means of adiaMtic calorimeter.. Roth, Gran and Meichsner" I oh4•fined-. z3.gz 
Cal. (a[ zo'C.) for a 9~.z7q solution and za.Cq C'al. for e.339o soluion. Frntn thermo-chemical 
data's'. -zz~-zj Cal. ryas calculated as the heat of formation from water and oxygen gas. 
In cmnpadsou .witk these values it is seen that the author's value is proper. 
                 (6) The Initial Part of the Reaction.
   As to the initial part of the ruction, the deviation of the curve from the 
first order is very slight. But it is aso~ibed not to the errors of the apparatus, 
such. as the time lag of Beckmann's thermometer, absorption of heat by the calori-
meter, etc., -but to the reaction itself as is clear from the following three points. 
    (t) The deviation can not be noticed in the case of electric heating.
   (z) When the reaction heat was calculated from the intersection of the ex-
tension of the straight par  inthe log Q, !L ~..t curve with e ordinate under 
the assumption that the reaction proceeds according to the first order from the 
beginning, the value obtained is generally larger than that obtained before, and 
there is no agreement in the value of each exlxriment. 
   (g) As to the duration of the initial stage rs, inspecting from the results of 
Series I and II, iE is found that the higher the concentration of the sol is, the 
shorter the duration becomes. If the difference among the duration -is to be 
regarded as due. to the initial reaction velocity, that is, the rate of temperature 
rise; the error to be caused by the apparatus also should be taken into account. 
But; as seen. from the results of Series IV and. V, even though the initial reaction 
velocity is different, when the concentration of the sol is definite, U is- nearly 
     a5) G. L. Matheson ~ O. Mass, J. Am. Clruie. Snc., 51, 674 (r929)• 
     rq) W. A. Rotlt, R. C;ran u. A. Meichsner, 7.. a>rarg. Clunr.,193, t65 (rg3o). 
     r5) M. Relthelot, C'omjt. mrC., 90, 35t, 897 (r88o); P.. de Furcrand, iGid., I30, rz5o (rgoo); J. 
         Thomsoq Tnernrochemirche U.ilernrcJrvul<n; ela.
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constant. itlorever; in comparison behveen the results of these two series it is 
found that variation in the concentrations of the sol leads to the different value 
of a even in the same initial velocity. Tlrerefore, it is inkrred that u is affected 
not by the rate oLtemperature ise but by the reaction itself, and probably it is 
related to the amount of the colloid. 
   The reaction velocity curve of the initial stage is indefinite iat each experi-
ment, beinn not always linear. Therefore, the nature of the reaction of this 
stage can not bz made clear. The appearance of this sage may depend upon 
the adsorption of hydrogen peroxide on the surface of colloid, namely, to reach 
the adsorption equilibrium in liquid system may need a considerable time, which 
will be tbe duration of initial stage rz. And in colloidal system the electric 
double layer of its surface will play an important role for the adsorption (diffu-
sion). This preswnption is not certain and theoretical consideration on this 
colloidal catalysis will he required. 
                        Summary. 
    t) By the method of thermal analysis the catalytic decomposition of
hydrogen peroxide solution b}' platinum sol has been studied, especially the effect 
of the concentration of platinum sol and that of hydrogen peroxide. 
    3) 1t has been found that the reaction proceeds in two stages: the initial 
stage and the later stage. The duration of the initial stage is practically in-
dependent oP- the concentration of hydrogen peroxide. and is nearly ~n inverse 
proportion to concentration of the sol. The later stage, which is tite main 
part of reaction, is of the first order with respect o hydrogen peroxide and 
the reaction velocity constant is proportional to the square of the concentration f 
the sol, i.e., 
             dx = k, (HOa), 6•, w(Pt-so!)=.     d
t 
    g) The .activity of the colloidal catalyst increases at first with aging. 
   q) The value of the decomposition heat of hydrogen peroxide .has been 
found to be zg.q Cal. per g.•mol. 
    In conclusiat, the author has great pleasure in expressing his sincere thanks 
to Yrof. S. Horiba for his valuable guidance during the course of this research. 
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                I:yolo Lnperial Uaaiueraily, 
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